OBJECTIVE -To determine whether a culturally appropriate clinic-and community-based intervention for African-American women with type 2 diabetes will increase moderate-intensity physical activity (PA).
RESEARCH DESIGN AND METHODS -This study was conducted at primary care practices in central North Carolina, including five community health centers, one staff model health maintenance organization, and the general medicine clinic at an academic health center. The study subjects were AfricanAmerican women aged Ն40 years with type 2 diabetes, defined as diagnosis of diabetes at Ն20 years with no history of ketoacidosis. When computerized records were available (two sites), a list of patients meeting entry criteria was prepared for each primary care clinician, who then identified patients considered appropriate for the study. At the five sites without computerized records, clinicians invited patients to participate during routine visits. When referring a patient to the study, the primary care clinician indicated an intensity for the PA intervention; therefore, if a participant was randomized to an intervention group, she would receive PA counseling appropriate for underlying medical conditions. The categories for the PA intervention were moderate intensity (e.g., walking briskly, mopping, raking lawn), mild intensity (slow walking, stretching exercises), non-weight bearing activities (stretching exercises), or no PA. Study design and intervention. The design of this study, a description of the intervention, and baseline characteristics of participants has been published elsewhere (16) . The intervention, "A New Leaf. . . Choices for Healthy Living with Diabetes," was based on behavior change theory (17) , extensive formative data collection (18 -20) , and prior testing in lowincome and minority populations (21) . It combined traditional clinic-based counseling with a coordinated community component using peer counselors (22) and included 1) a PA component developed to increase moderate-intensity PA to a cumulative total of 30 min a day, 2) a dietary component designed to decrease total and saturated fat intake and to improve control and distribution of carbohydrate intake, and 3) a diabetes care component addressing various aspects of diabetes self-care.
The New Leaf Program was evaluated in a randomized trial with three treatment conditions ( Fig. 1) : clinic-and communitybased intervention (group A), clinic intervention only (group B), and minimal intervention (group C). During the first 6 months, groups A and B received the clinicbased component, which included individual counseling visits at months 1, 2, 3, and 4. In addition, group A also received the community-based component, which consisted of two group sessions and monthly telephone calls from a peer counselor. During the second 6 months, group A participants continued to receive monthly phone calls from a peer counselor and attended one group session. Group C participants were mailed the following pamphlets published by the American Diabetes Association: Staying Active, Healthy Eating, and What is NonInsulin-Dependent Diabetes? Study outcomes were assessed at 6 and 12 months of follow-up. Glycosylated hemoglobin and blood lipid results were sent to participants and their primary care clinician. The primary care clinicians were informed of participants' group assignment (so that clinician knowledge of group assignment would be consistent) and were instructed to reinforce educational information provided to participants by the study team, to monitor glycemic control, and to prescribe medications for diabetes according to their usual practices. The study protocol was approved by the institutional review board, University of North Carolina at Chapel Hill, and written informed consent was obtained from each participant. Enrollment was completed during a 1-year period.
The New Leaf PA intervention was based on guidelines from the Centers for Disease Control and Prevention and the American College of Sports Medicine, recommending daily accumulation of moderate PA instead of periodic intensive exercise periods (23) . It was initiated and guided by a PA assessment (PAA), which facilitated individual tailoring of lifestyle change advice by directing counseling to behaviors in greatest need of change and barriers that may limit change. The PAA focused on both lifestyle and leisure-time activities relevant to older lower-income women and was designed to assess elements of both a sedentary and active lifestyle. The eight distinct categories of activity (or lack thereof) were: Work (pay or volunteer), Transportation, Household Chores, Child or Elder Care, Yard Work and Gardening, Church or Social Group Activities, Walking or Running (for exercise), and Structured Exercises or Sports. (At baseline, the correlation coefficient for the PAA and accelerometer assessments of activity was 0.36, P Ͻ 0.0001.) Participants were encouraged to increase the "minutes" (duration) of moderate or vigorous activities, or add "umph" (intensity) to mild/sedentary activities (23) . For those who could not perform ambulatory PA, chair exercises were recommended. In this study, a single nutritionist provided clinic-based counseling. During individual counseling sessions, the nutritionist negotiated with participants to select two to three PA and dietary goals to achieve before the next visit.
The community component of the New Leaf Program was facilitated by a community diabetes advisor (CDA), a nonprofessional peer counselor. Selection of the CDAs is described elsewhere (16) ; all were African-American women with type 2 diabetes. One CDA was recruited from each participating practice site and trained for her role in this study during four weekly 4-h sessions. The CDAs called participants on a monthly basis to provide social support and reinforce behavior change goals and assisted with group sessions, which were 90 min in length and designed to promote progress in readiness to change PA and diet behaviors and to provide social support. Data collection and measures. During baseline and follow-up assessment visits at the participants' primary care clinic, research assistants administered questionnaires, outfitted participants with an activity monitor, and facilitated blood specimen collection. Additional data were collected during a series of three telephone calls after each of these visits.
PA was assessed by Caltrac accelerometer (Muscle Dynamics, Torrance, CA), a small electronic monitor that measures vertical accelerations and, when worn correctly at waist level over the hip, is considered to objectively measure PA energy expenditure (24) . Participants were instructed to wear the Caltrac during waking hours for 1 week, except for when bathing or in water. If a participant wore the monitor for Ͻ4 h on a given day, it was considered a day not worn. A minimum of 4 days of monitoring was required for inclusion in the PA analysis. The average daily value for energy expenditure was calculated by dividing the monitor's reading for total kilocalories by the number of days worn. Daily energy expenditure attributed to PA (PA kcal/ day) was calculated by subtracting the estimated resting energy expenditure (kcal/ day) and thermic effect of food (kcal/day) from the Caltrac total kcal/day (25) .
Dietary intake was assessed at baseline and 6-month follow-up by a series of three 24-h telephone-administered recalls using the Minnesota Nutrition Data System (Nutrition Coordinating Center, University of Minnesota, Minneapolis, MN). Glycosylated hemoglobin was assessed by automated affinity highperformance liquid chromatography (HPLC), determined on a Primus CLC-330 HPLC (Primus, Kansas City, MO) (26) . Lipids were determined by automated enzymatic methods (HDL after dextran sulfate-Mg2ϩ separation [27] ) at the University of North Carolina Hospitals' clinical laboratory, which participated in the Centers for Disease Control and Prevention lipid standardization program. Additional questionnaires were administered by telephone. Diabetes knowledge was assessed by a 15-item adaptation of the Diabetes Knowledge Scale (28); each correct answer contributed 1 point to the total score (maximum 15 points). The diabetes health status instrument (29) included two validated scales, Mental Well-Being and Social WellBeing, each with nine items. Sample size, randomization, and statistical methods. Because no PA outcome data measured by accelerometer were available for our study population, the sample size for this study was based on anticipated dietary outcomes, as reported previously (16) . For a two-sided comparison and a recruited sample size of 200, our power to detect a difference of 15% in a dietary risk score was 0.74. Randomization of individuals to treatment groups was stratified by clinic site. A statistical consultant prepared a site-specific allocation schedule (with randomly permuted blocks of size 3 and 6) from random numbers generated by a personal computer and prepared a set of sequentially numbered sealed envelopes containing study group assignments. Participants were assigned to a study group by a research assistant who opened the appropriate envelope after assessing eligibility and consent and after all baseline data were collected. For baseline comparisons, the 2 test for general associations was used for dichotomous variables, the extended Mantel-Haenszel statistic for mean scores of standardized midranks was used for ordinal variables, and one-way ANOVA was performed for continuous variables.
Change in PA was assessed by an overall comparison of adjusted means for PA kcal/day at both 6 and 12 months. For descriptive purposes, contrasts between treatment groups were also performed. Subjects with follow-up data were analyzed according to group assignment (intention to treat) (30) using mixed models (31) . Treatment group and baseline value of the dependent variable were included in the model as fixed effects, and clinic was included as a random effect. To adjust the treatment comparison between groups, a set of variables was also included as fixed effects. This set included selected baseline characteristics deemed relevant to behavior change a priori (age, educational achievement, number of years with diabetes, BMI, living with spouse or someone like a spouse, taking oral medication for diabetes, and taking insulin). Because there was an observed difference by treatment group in the percent of participants living with a spouse or someone like a spouse and because there was concern for a possible effect modification of this variable on diabetes medication compliance, we evaluated interaction terms for these variables and included them in the final models if P Ͻ 0.05. The impact of the intervention was also assessed on a number of secondary outcomes considered relevant to the management of type 2 diabetes. SAS software (SAS Institute, Cary, NC) was used for analysis, all comparisons were two-sided, and P Ͻ 0.05 was considered significant.
RESULTS

Baseline characteristics of participants.
Of 219 patients who met studyentry criteria (range of participants per practice 8 -88), 200 completed baseline data collection and were randomized, 67 to group A, 66 to group B, and 67 to group C. Selected baseline characteristics are shown in Table 1 . The mean age was 59 years. Participants had been diagnosed with diabetes an average of 10 years, almost one-third reported a total annual household income of Ͻ$10,000 per year, 24% had known CHD, 65% were hypertensive, and most were obese (mean BMI 36 kg/m 2 ). The mean cholesterol was 203 mg/dl (5.25 mmol/l), HDL cholesterol 51 mg/dl (1.31 mmol/l), and total glycosylated hemoglobin 11.1% (normal range for assay 5.5-7.8% vs. normal range for HbA 1c 4.8 -6.0%).
For dietary intake, the mean for total energy was 1,299 kcal/day; the mean percent caloric intake from carbohydrate was 47.0%, from protein 19.5%, from total fat 34.3%, and from saturated fat 10.8%.
Trial of physical activity intervention
Participants wore the Caltrac accelerometer an average of 6.8 days and were sedentary, with mean total daily energy expenditure of 2,050 kcal, energy expenditure attributed to PA of 325 kcal/day, and MET of 1.22. (A MET represents the ratio of the work metabolic rate to a standard resting metabolic rate, with 1 MET roughly equivalent to the resting metabolism while sitting quietly at rest.) Intervention participation and followup. For participants in groups A and B, 124 (93%) returned for the first individual counseling visit (visit 1), 114 (86%) for visit 2, 111 (83%) for visit 3, and 97 (72%) for visit 4. The average duration of these visits was 68, 45, 41, and 45 min, respectively. For the community-based intervention, the average number of CDA phone calls per participant was 9.7 (571 calls to 59 participants-a participant had to complete the first clinic-based counseling session to be eligible for CDA phone calls and group sessions). Of the phone calls, 53% (n ϭ 302) were 10 -20 min in length, whereas 38% (n ϭ 217) lasted Ͻ10 min. The first group session was attended by 28 of 48 (58%), the second by 26 of 53 (49%), and the third by 35 of 59 (59%) eligible participants. Attendance by site ranged from 27 to 89%, with better attendance at the smaller sites (Յ6 participants assigned to group A). Of participants, 81% attended at least one session, 30% attended two sessions, and 19% attended three sessions (Fig. 1) .
Follow-up for PA accelerometer assessment included 175 (88%) participants at 6 months and 167 (84%) at 12 months. Average wearing times for groups A, B, and C at 6 months were 6.8, 6.6, and 6.8 days, respectively (P ϭ 0.28), and at 12 months were 6.7, 6.5, and 6.6 days (P ϭ 0.32). Follow-up rates for 6-month dietary recalls were 94% for recall 1, 90% for recall 2, and 88% for recall 3; 162 (81%) participants had baseline and 6-month dietary recalls that met criteria for inclusion in the dietary analysis (16) . Follow-up rates for glycosylated hemoglobin, blood lipids, and weight at 6 and 12 months were 90 and 85%, respectively.
A total of 21 (10%) participants did *Group A received the clinic-and community-based intervention, group B received the clinic-based intervention, and group C received the minimal intervention. †High blood pressure is defined as being treated by a physician for high blood pressure or taking medication to lower blood pressure. ‡Fifteen-item scale; each correct answer contributes 1 point.
not return for 6-month follow-up, and 29 (15%) did not return for 12-month follow-up. To assess possible differences between returnees and nonreturnees at 6-and 12-month follow-up, baseline variables were compared for these groups. Of 48 comparisons, the only significant differences between groups were number of years with diagnosed diabetes (5.9 years for nonreturnees and 11 years for returnees at 6-month follow-up, unadjusted P ϭ 0.026) and percent of participants with known CHD (38% for nonreturnees and 21% for returnees at 12-month follow-up, unadjusted P ϭ 0.048). Change in PA. PA levels at baseline and follow-up, assessed as kcal/day by Caltrac accelerometer, are shown in Table 2 for participants with baseline and at least one follow-up measure. For the primary study outcome, the comparison of PA levels during 1 year of follow-up, the P value for the overall group effect was 0.014 (Table  2) . Comparing group A with C, the average for the 6-and 12-month differences in adjusted means for PA was 44.1 kcal/day (P ϭ 0.0055). Comparing group B with C, the average difference was 33.1 kcal/ day (P ϭ 0.029). Table 2 also shows timespecific outcomes for PA. Comparing group A with C, the difference approached statistical significance at 6 months (P ϭ 0.095) and was significant at 12 months (P ϭ 0.019). Comparing group B with C, the difference was statistically significant at 6 months (P ϭ 0.036). Change in other outcomes. The baseline and follow-up means for other outcomes are presented in Table 3 . The percentage of calories from saturated fats, dietary cholesterol intake, and total energy intake decreased in all groups, but the comparisons of adjusted means at 6 months were not statistically significant, with P values for overall group effect of 0.98, 0.18, and 0.85, respectively. For glycosylated hemoglobin and total and HDL cholesterol, there were minimal changes during follow-up, with P values for overall group effect of 0.73, 0.51, and 0.15, respectively. From baseline to 12-month follow-up, weight increased modestly in all groups, with a P value for overall group effect of 0.52. For the diabetes knowledge scale, from baseline to 12 months, there was an increase (indicating enhanced knowledge) of 1.6 points in group A, 1.2 points in group B, and 0.7 points in group C. The P value for the test of overall group effect at 6-and 12-month follow-up was 0.037. Diabetes-specific health status was assessed with two scales. For Mental WellBeing, from baseline to 12 months, the score increased (improved) by 4.5 points in group A, 1.8 in group B, and 2.8 in group C. The P values for the test of overall group effect and the comparison of group A with C at 6-and 12-month follow-up were not statistically significant (0.13 and 0.067, respectively). Changes in the Social Well-Being scale were small and not statistically significant. *Means are for participants with baseline and at least one follow-up measure. †Group A received the clinic-and community-based intervention, group B received the clinic-based intervention, and group C received the minimal intervention. Comparison of means are adjusted for the following variables: baseline value of PA, age, educational achievement, number of years with diabetes, BMI, living with a spouse or someone like a spouse, using oral medication for diabetes, use of insulin, and an interaction term for living with spouse or someone like a spouse and use of oral medication. ‡Kilocalories per day attributed to PA as assessed by accelerometer. §Overall group effect: P ϭ 0.014.
Program acceptability. For clinic-based individual counseling, 94% of 117 respondents reported being very satisfied with the amount of information and help the nutritionist gave about diet, and 88% were very satisfied with the counseling provided to enhance PA, whereas 15% reported having some difficulty getting to the clinic for these visits. For the CDA component, 85% of 59 respondents felt the number of telephone calls was appropriate, 86% felt the role of CDAs in the program was important, and 83% strongly agreed that talking to someone else with diabetes was very helpful. Among the 48 participants who attended group sessions, all reported that they enjoyed the session(s) and 98% reported that they had learned a lot about diabetes.
CONCLUSIONS -The New Leaf intervention, which, over the course of 1 year, included 2-3 h of individual counseling, 4.5 h of group sessions, and 2 h of telephone contact, was associated with an enhancement of PA energy expenditure, as assessed by accelerometer, that was statistically significant (P ϭ 0.014). A subgroup analysis comparing the full intervention to the minimal intervention at 6-and 12-month follow-up (average difference between groups 44.1 kcal/day, P ϭ 0.0055) indicated group A participants were on average ϳ15% more active than group C participants and that this enhancement was achieved by reversing the usual trend of decreasing PA over time (32) , as experienced by groups B and C at 12-month follow-up. This study was not designed to detect a significant difference between groups A and B. However, the community component appeared to have a favorable effect on PA during the second 6 months of follow-up. With regard to dietary outcomes, participants in all groups reported reduced intake of saturated fat and cholesterol. However, because of the observed substantial under-reporting of dietary intake, we feel our dietary findings may not be valid. Improved dietary assessment methodology is needed for this population to better capture actual food intake and allow for evaluation of interventions. The New Leaf Program had no material impact on blood lipids. Though weight loss was not an objective of this study, we were disappointed to observe that participants in all groups gained weight. In older patients with longstanding diabetes, insulin and oral medication use are the major determinants of blood glucose control (33) . We believe the New Leaf Program had little effect on glycemic control because it did not specifically address diabetes medication adherence and did not emphasize selfmonitoring of blood glucose. Other behavioral intervention studies have also shown no significant effect on glycemic control (34) .
Both the clinic and community components of the New Leaf Intervention were acceptable to participants and were feasible in the context of a research study. Participation rates for individual counseling and telephone follow-up were high. Attendance at group sessions was modest at ϳ50%, but the sessions were very well received by those who were able to attend. Diabetes knowledge improved as a result of the intervention (P ϭ 0.037). Our measures of diabetes-specific health status also improved during follow-up (except Social Well-Being for group C at 12 months), with the largest change observed in group A. For the Mental Well-Being score, the improvement approached statistical significance, suggesting that the group A intervention may actually enhance diabetes-specific health status.
We believe the Caltrac accelerometer provided a valid and reliable measure of the energy expenditure of participants in this study. A validation study of the Caltrac (24) reported a correlation of r ϭ 0.51 for total PA energy expenditure, with detailed PA records kept over a 1-year duration. Thus, when worn correctly and for an appropriate period of time, the Caltrac is able to provide an objective estimate of usual daily PA levels in an adult population with predominantly sedentary activity habits. One limitation of this study is possible bias in PA measurement, which may have resulted from differences in actual Caltrac wearing time by treatment group. Although we cannot totally exclude this bias, there were no differences in reported wearing time between treatment groups. Additionally, it is possible that the actual PA energy expenditure was underestimated by the Caltrac, since it does not detect nonambulatory PA (e.g., arm swinging). However, this bias is consistent for all subjects and is a limitation in the use of vertically oriented accelerometers as a direct measure of PA.
In conclusion, the New Leaf Program was associated with a modest enhancement of PA compared with a minimal intervention. Whether this observed increase in PA will lead to improved health outcomes (35) is not known, and may depend largely on whether it is sustained over time. To our knowledge, this is the first study to develop a moderateintensity PA intervention for older African-American women with type 2 diabetes and to assess its impact using accelerometer technology. Our findings suggest that a culturally appropriate clinic-and community-based intervention program, focused primarily on moderate-intensity activities and delivered in part by peer counselors, can enhance the activity of sedentary, overweight, AfricanAmerican women with type 2 diabetes. Future research efforts should be aimed at confirming, enhancing, and sustaining the effect of this type of intervention in this high-risk population.
